Background: Antiepileptic drugs are responsible for reproductive dysfunction in male epileptic patients.
Background
Epilepsy is a chronic neurological disorder characterized by recurrent epileptic attacks, and researches have reported that the relationship between epilepsy and the reproductive dysfunction is not yet completely understood [1] . Seizures are linked with sexual dysfunction as part of the disease pathophysiology in these patients [2] . Through epileptic discharge, the hypothalamus receives signals from the hippocampus, amygdala, and cerebral cortex. Hypothalamic-pituitary axis signaling changes is leading to sex hormone release including follicle stimulating hormones (FSH) and luteinizing hormone (LH) changes [3] .
However, the available antiepileptic drugs (AED ) have not yet been proven to have negative impacts on sexual function. Evaluation of AED-induced sexual dysfunction is complicated, less than clear, and is hard to find. Sex hormone levels can be changed due to AEDs which are the cause of sexual dysfunction and reproductive disorders [4] .
Among these antiepileptic drugs is valproate (VPA) which is a commonly used, broad-spectrum antiepileptic drug that is very effective in the treatment of different types of generalized and partial seizures [5] . Also, levetiracetam (LEV) is a second generation, broad-spectrum antiepileptic drug which is commonly used. LEV has high efficacy, safety, and favorable profile with low incidence of adverse effects and drug-drug interactions in all age groups [6] .
VPA may affect epilepsy patients' hormones and this may result in reproductive problems. VPA may reduce sperm motility, increase the frequency of morphologically abnormal sperm, and be associated with small testicular size in men with epilepsy [7] . Also animal studies concerning the effects of LEV on sex hormones concluded that LEV might affect steroid hormone secretion. However, human studies yielded diverse results [2] .
To the best of our knowledge, there have been no previous humane studies comparing the effects of valproate and levetiracetam on the male reproductive system, as both of them is commonly used in male patients of reproductive age. Therefore, the current study was designed to evaluate the effect of valproate versus levetiracetam as a monotherapy on males' sex hormones and sperm parameters in newly diagnosed epileptic males.
Materials and methods
The present study was a comparative type. All patients were selected from the outpatient neurology clinic of Zagazig University Hospitals, Sharkia Governorate, Egypt, in the period from June 2016 to March 2017, in the department of Neurology Zagazig University Hospitals. Samples were collected by the systematic random method. The study included 50 newly diagnosed epileptic males (clinically and electrophysiologically ((EEG)) according to the International League Against Epilepsy ((ILAE)) classification 2010) [8] .
Sample size calculation
To detect this size effect in the analysis of variance between the two examined drug groups with two repeated measurements (basal and eight weeks after seizure control) at 0.05 alpha level of significance, a sample size of 25 subjects per group was found to achieve more than 95% power. Sample size was calculated using Epi Info version seven [9] .
Inclusion criteria
All patients were enrolled if their ages are between 18 and 45 years. All patients had normal brain imaging (Brain CT or MRI). Also, all patients had normal thyroid functions and normal sex hormones assay (luteinizing hormone, follicle-stimulating hormones prolactin, testosterone, and estradiol).
Patients are currently receiving hormonal replacement therapy or any drugs that may affect reproductive functions were excluded. Other criteria for exclusion were patients with significant or progressive medical illness; patients with testicular atrophy, varicocele, or infectious diseases were also excluded from the study.
All patients were subjected to thorough history taking of seizure semiology, complete general and neurological examination, and pre-and post-antiepileptic drug treatment serum sex hormones assay and semen analysis. Doppler ultrasonography of the testis was performed for all patients to exclude the diagnosis of undetected testicular atrophy varicocele and infectious diseases.
Laboratory investigations
Fasting morning (between 7:00 a.m. and 8:00 a.m.) venous blood samples have been withdrawn in the morning before and after treatment at outpatient's clinic of Zagazig University Hospitals, Clinical Pathology laboratories. These morning venous samples were centrifuged. After 20 min, the serum was separated and the samples were frozen at − 20°C until hormone assays were performed for the following reproductive hormones:
Luteinizing hormone (LH) (normal range men 1.7-8.6 mIu/mL) Follicle-stimulating hormones (FSH) (normal range 1.5-12.4 mIu/mL) Prolactin (PRL) (normal range men 4.04-15.2 ng/mL) Testosterone (T) (normal range men 2.8-8 ng/mL) Estradiol (E2) (7.63-42.6 pg/mL) Semen samples have been obtained through masturbation after 3-6 days of abstinence and examined for semen parameters. After liquefaction, the samples were evaluated for sperm concentration, count, motility, and morphology using a computer-assisted semen analysis (Sperm Class Analyzer® CASA System, MICROPTIC Spain). The system follows WHO (2010) strict criteria for the assessment of human semen.
Patients were subclassified into two groups who were matched in age, group I (25 patients) was treated by valproate (VPA) as an initial monotherapy for seizures. VPA dosage was adjusted to maintain plasma concentration of 70-80 μg/mL [10] . Group II that included 25 patients was treated by levetiracetam (LEV) as a monotherapy. Our patients underwent gradual dose increment (starting from 500 to 1000 mg/day) for either VPA or LEV till they become seizure-free at the last 8 weeks before post-treatment checkpoint.
Post-treatment re-evaluation point was determined if 8 weeks have passed after the last seizure attacks, and if seizures occurred, we waited for another 8 weeks [2] , that is, to exclude the effect of epileptic discharges on sex hormones [7] .
Daily dose was calculated by dividing the total dose by duration of treatment by days. Treatment duration was calculated by the time (weeks) passed between the preand post-treatment checkpoint.
Statistical analysis
Qualitative data were presented as number (N) and percentage (%). Quantitative data were expressed as mean ) was used to compare between two qualitative variables. t test was used to detect the relationship between two quantitative variables (groups). All the statistical tests were done using statistical package of social science (SPSS version, 22) . P values < 0.05 were considered significant, and P values < 0.001 were considered highly significant [11] .
Results
Fifty male patients who had a new diagnosis of idiopathic generalized or partial epilepsy were included in the present study. Patients were subclassified into two groups who were matched in age, group I (25 patients) was treated by valproate as an initial monotherapy for their seizures. Group II that included 25 patients was treated by levetiraceram as a monotherapy. Their mean ages (± SD) were 30.6 (± 10.5) and 31.8 (± 10.1) years, respectively.
In comparison between group I and group II regarding baseline characteristics, we did not find any statically difference between them regarding age, seizure type, treatment duration, or dose (P < 0.05) ( Table 1) .
Regarding valproate-treated patients (group I), in comparison between pre-and post-treatment checkpoint, we found statistical significant decrease in LH and FSH (P = 0.01) and high statistical significant increase of prolactin (P < 0.001) with non-significant decrease in testosterone and estradiol (P > 0.05). However, all sperm parameters at post-treatment checkpoint were statistically decreased especially total sperm motility (p = 0.029) ( Table 2) .
As regard to levetiracetam-treated group (group II), we found that male sex hormones were decreased at posttreatment checkpoint that did not reach statistical significant difference (P > 0.05). But, regarding the comparison between pre-and post-treatment of sperm parameters among group II, there was significant decrease in all measured items (P = 0.01) that was a high significant difference at total sperm motility one (P = < 0.001) ( Table 3) .
In comparison between group I and group II at posttreatment checkpoint regarding sperm parameters, we found non-significant difference between them regarding sperm motility or count with significant decrease of sperm concentration among group II with highly significant decrease of normal morphology of sperm among group I (Fig. 1 ).
Discussion
Among male epileptic patients, gonadotropic hormone dysregulation, semen parameter impairment, decreased in fertility, and sexual dysfunctions have been reported. From the probable causes was the effect of antiepileptic drugs [12] .
In the present study, valproate-treated group (group 1) was examined pre-and post-treatment checkpoint; we found a significant decrease in serum LH and FSH at post-treatment checkpoint. This was in accordance with Xiaotian and colleagues [10] . This decrease in LH and FSH levels credited to negative feedback regulation in the pituitary portal system [13] as well as valproate affects the metabolism of serotonergic and gamma-aminobutyric acid (GABA)-ergic steroids or by a direct effect of VPA on endocrine tissue, in particular in the testis which is supported by studies in dogs, rats, and goats [13, 14] .
We found non-significant decrease in serum total testosterone (T) levels at post-treatment checkpoint among valproate-treated group, and this was in accordance with Roste and colleagues [14] and Mikkonen and colleagues [15] who found no significant difference in testosterone level in epileptic patients treated by valproate who compared with the healthy males as a control group.
However, Rattya and colleagues [13] stated that valproate could increase serum androgen concentration involving testosterone in male epileptic patients. Najafi and colleagues [16] showed that valproate-treated males had significantly lower mean testosterone level. Also, Hamed and colleagues [17] in their study found that men with epilepsy had lower serum levels of free testosterone and higher sex hormone-binding globulin (SHBG). Free bioactive testosterone represents 2% of total testosterone, and the majority of plasma testosterone is linked to albumin and SHBG. Increased SHBG would expect to produce sexual dysfunction by decreasing serum levels of free testosterone and/or albumin-bound testosterone. Also, SHBG is the most important regulator for the biologic effect of the testosterone on the target tissue (it decreases the activity of the testosterone on the target cells). Secondary hormonal changes can occur with epilepsy due to a negative feedback loop between testosterone and pituitary hormone. Disturbances may occur at the levels of the hypothalamic, pituitary, and/or gonadal levels [17] . Also, in our research, we found statistical significant increase in serum prolactin (PRL) level in valproatetreated group at post-treatment checkpoint (P < 0.001). This was in agreement with Xiaotian and colleagues [10] . Similarly, in their study, Rabie and colleagues [18] observed that the serum level of prolactin in valproatetreated patients was significantly higher when compared with the control group. Valproate-induced hyperprolactinemia results from altered regulation of GABA-ergic, noradregneric, and serotonergic neurons which in turn modulate dopamine release [10] .
Adding to that, seizures induce neuronal discharges which stimulate the hypothalamus and altered prolactin secretion by the pituitary gland [19] . Prolactin levels are further elevated through significantly increased sensitivity to prolactin inhibitory factor and prolactin-releasing factor [10] .
Regarding sperm parameters, we found a significant decrease in all measured items at post-treatment checkpoint in the valproate-treated group (group I). This was in going with the results of other studies [14, 10, 20] . Free carnitine to total carnitine ratio decrease in male patients with epilepsy treated by VAP, and this may further affect sperm motility and decrease in fertility rates in these patients [14] . Other studies have confirmed that VAP directly affect sperm motility and marked abnormalities of sperm morphology in rats, dogs, and sheep [20, 21] . In humans treated with VPA, the number of motile sperms is reduced and several morphological changes occurred. These morphological changes increased sperm tail pathology which was suggested to be a cause of decreased of males' fertility [7] . In in vitro research, it has been proposed that VPA directly affects sperm motility by inducing membrane stabilization [13] . Regarding levetiracetam-treated group (group II), we found non-significant difference between pre-and postcheckpoint of male sex hormones. This result was in agreement with two previous studies [2, 10] . That is, due to the main metabolic pathway of LEV through hydrolase acetyl animation transformation, the main metabolite (UCB 1057) is not transformed by liver cytochromes and LEV and its main metabolites do not affect the activity of hepatic cytochromes p450 [10] .
In Svalheim and colleagues' [22] study, free testosterone and rostenedione levels have been found to be elevated in patients treated with LEV compared with those patients from the control group. However, the same elevation was also recorded in the carbamazepine and lamotrigine groups. The authors have attributed these changes to the disease itself [22] . Harden and colleagues, 2010 [23] , found increased testosterone levels in eight men after LEV treatment; however, this study was uncontrolled and was included in a very heterogeneous group of patients.
We found significant decrease in all sperm parameters among LEV-treated group at post-treatment checkpoint. This was according to two previous studies [2, 10] . Sperm parameter changes without alteration of sex hormone levels suggest a possible peripheral mechanism of adverse action [2] .
Moreover, in another animal study, LEV adversely affected sperm parameters by reducing sperm concentration and motility, increasing abnormal sperm morphology and sperm DNA damage, and causing damage in the testicular structure of male rats. It is suggested that the mechanism of LEV toxicity in the male reproductive system arises from the promotion of oxidative stress and alterations in hormonal status [24] .
Surges and colleagues, 2008 [6] , reported that one of the LEV mechanism as antiepileptic drug is its effect on GABA-ergic system as it was associated with GABA-A receptor modification. GABA-A receptors were also found in the testes as well as CNS. It has been shown that GABA-ergic signaling reduced the proliferation of spermatogonial stem cells of the seminiferous tubules [25] .
Another explanation of peripheral interference of LEV is the synaptic vesicular protein (SV2A) receptors, which are the most frequently presented form of synaptic vesicles in the glycoprotein family. These receptors were widely present in the CNS and endocrine cells [26] . The peripheral presence of such receptors in the testes could be the cause of reduced sperm parameters among LEV-treated groups.
Our study has some strength, as the pre-and postantiepileptic drug treatment serum sex hormone assay and semen analysis were done for the same patients (self-control groups). We think that will nullify various external factors. The second strength is that we assessed newly diagnosed epileptic males. Thus, we were able to exclude factors associated with chronicity of the disease and the effects of previously administered AEDs. Our study has some limitations. First of all, this study group is relatively small. Also, we assessed only the early effects of these drugs on the reproductive function of these epileptic patients.
Conclusion and recommendation
Levetiracetam is unlikely to cause the type of reproductive system damage that can occur during valproate metabolism which can induce a series of reproductive endocrine changes. Good tailoring of antiepileptic drugs for male epileptic patients is to minimize probable suffering of these patients and avoid a major impact on the quality of their life. We recommend further studies on a larger group of population and longer follow-up period to explore the risks and mechanisms of such treatmentrelated side effects on reproductive functions, particularly in newly diagnosed epileptic males.
